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WITH DISCUSSION. 


When pillar compressed endwise force gradually in- 
creased the breaking point, reasonable assume that the 
intrados the pillar the point greatest deflection strain has 
been set which great the stress causing rupture speci- 
men the material, the height vertical length which specimen 
does not materially exceed its smallest diameter. Without entering 
upon the question the magnitude this excess, which has been 
variously estimated, may safely placed that point where the 
strain generated the element bending becomes inappreciable, and 
probable that endwise compression always accompanied with 
bending strains. The questions examined, however, this paper are 
mainly, what the maximum strain pillars compressed endwise 
the center resistance weights less than the breaking weights, 
weights not applied the center resistance. 
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Experiment shows that where given pillar deflected under in- 
creasing loads, the deflections increase greater ratio than the 
loads causing them, and the reverse also true. The less the com- 
pressing force, the greater the ratio reduction the 

The maximum strain the middle the intrados pillar bent 
the breaking point may assumed the ultimate resist- 
ance the material crushing. Let the breaking load 
solid square pillar; the moment resistance bending 
follows 

the vertical strain the breaking load deducted from the 
maximum strain the quantity remains the bending 


Compare these two equations, and appears that the 
the assumption that 66, that seems 
clear, therefore, that safe loads pillars are not proportional 
the breaking weights, but must referred permissible maximum 
strain. 

building, the practice still prevails considering cast-iron 
pillars planed top and bottom subject compound flexure per- 
ceived the testing machine. That this not the case needs 
special argument here, the fact universally recognized. 

Breaking loads are computed Gordon’s and other formulas 
based upon Hodgkinson’s experiments. experiments endwise 
compression was applied the specimen nearly practicable 
the center resistance, least the center gravity the pillar 
tested, which also the center resistance, unless the material 
heterogeneous. 

pages 382 and 383 this paper analysis the bending 
strains caused eccentric loads. The exact relation the eccentric 
breaking load the concentric breaking load expressed formula. 


COMPRESSION. 


specimen cast-iron in. square extended 0.0017 its length 
force about 000 applied the ends, and when ex- 
tended torn asunder. the specimen ins. long, its extension 
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ins. long, extends under the same strain 0.0017 0.017; and 
when 100 ins. long, extended 100 0.0017 0.17 in., but each 
event requires strain neither more nor less than Ibs. 
cause 

short specimen the same sectional area in. 
crushed compressing force about 000 but the speci- 
men becomes longer, the force required disintegrate becomes 
rapidly less. Thus, when the specimen ins. long, will break under 
000 when ins. long, under 000 when ins. long, 
under 000 when ins. long, under 000 when ins. 
long, under something less than 000 and when ins. long, 
under 000 Ibs. 

Now the main difference the behavior two specimens acted 
upon compression and tension that the latter specimen remains 
straight line during the application force, while the former be- 
comes curved. said, therefore, that pillar strut bends 
under endwise compression. Unequal compression, though 
not primary cause, result the process bending. This in- 
volves brief consideration the nature elasticity. 

Elasticity internal force which matter persists maintain- 
ing atomic molecular relations. The sum persistence which 
given kind matter capable constitutes its potential elasticity. 
External force applied given matter brings into activity equal 
amount elastic force, and while this external force remains action, 
the potential energy elasticity the matter question reduced 
that amount. When the external force equal the internal 
potential resistance elasticity, the specimen the point dis- 
ruption. Any additional amount external force, matter how 
small, will cause disruption. 

The exertion the elastic force inherent matter always accom- 
panied with This means that the potential energy elastic 
force reduced exertion. The amount fatigue caused com- 
paratively small increments external force (as compared magnitude 
with the total potential energy the elastic force given material) 
imperceptible the senses unless scrutinized special sensitive 
instruments The extent which this the 


case known the elastic limit the material, and the amount 
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fatigue which becomes perceptible beyond the elastic limit called 
the permanent set. Within the elastic limit the increments com- 


pression and extension are nearly the same for every equal amount 
additional external force applied, much for every additional 000 
Ibs. This called uniform elasticity. Beyond the elastic limit, com- 
pression and extension increase with every additional equal amount 
external force applied. This called variable elasticity. 

Within the elastic limit each pound force exerted results 
equal amount compression, equal amount extension, though 
the amounts compression and extension are never the same any one 
material. matter uniformly elastic, the number pounds ex- 
ternal force divided the resulting compression constant, or, 
divided the resulting extension, the quotient will another con- 
stant. These constants are called the moduli elasticity the given 
material. each material has its special moduli elasticity for 
compression and for extension, and the modulus elasticity ex- 
pressed the weight the amount compression and 
that extension the modulus elasticity for compression 
and that for tension follows: 


Within the range variable elasticity each number pounds 
strain has its special modulus elasticity; hence, the convenience 
its use analysis lost, and stress must referred directly the 
amount the compression extension caused matter. 

The compression per square inch area caused cast-iron 
weights ranging from 000 and those wrought iron 
from 000 000 lbs., presented Tables Nos. and are de- 
rived from curves based upon the results experi- 
ments. 

Table No. gives column the compression in. area 
cast-iron for weights from Ibs., also column the 
compression due the last 1000 Ibs. applied. will seen from 
the last that the elasticity compression cast-iron variable 
throughout. 
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Table No. gives column compression in. area 
wrought iron for loads given column also column,3 the com- 
pression due the last 000 

will seen that for wrought-iron pillars the additional incre- 
000 and 0.00005 from 000 000 Twenty-four thou- 
sand 000 therefore, accepted the limit elasticity 
wrought iron. The average increase per 1000 000 
0.000045; therefore, 000 0.000045 gives the modulus elas- 
ticity for the compression wrought iron 0002000. 

For the extension wrought iron within the elastic limit the modu- 
lus found experiment vary between 000 000 and 000 000. 


DEFLECTION. 


For greater convenience analysis and arriving tables which 
give the breaking and safe weights per inch area for lengths expressed 
terms diameters radii gyration, let the diameter the 
pillars let them solid and square form; hence, the 
sectional area will also the moment inertia will the 
moment resistance and the pillar length expressed diameters 
will represent many inches. 


pillar compressed vertically its breaking weight and 


some way prevented from bending, its potential elastic energy for 
compression still remaining where the crushing weight 
the material, and the potential energy tension still remaining 
when the ultimate resistance the material 

If, now, the pillar left free bend, then the breaking point 
this remaining potential energy exhausted; hence, the bending mo- 
ment being the deflection, equilibrium with the potential 
energy multiplied the moment resistance; hence, 

* When a body is compressed or extended by a force less than its ultimate resistance to 
compression tension, the balance compression extension possible may considered 
to be its potential energy for resisting another external force. 

Let a body capable of an ultimate resistance to compression C, or of resistance to exten- 
sion compressed the one instance force extended bya force either 
event its potential energy will be C—Wor T—W. But ifthe external force is one of com- 


pression, in either case the potential energy of resistance to compression is C— W, and that 
to extension is C + W. 


q 
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Under conditions uniform elasticity this value absolutely 
correct. But inasmuch elasticity variable, would true only 
the horizontal sectional planes drawn transversely the pillar 
length were become curved during the process bending. 

ascertain exact deflections related certain breaking loads 
from assumed condition compression, compression and 
tension the middle pillar bent the breaking point, the fol- 
lowing process practicable: 

middle square cast-iron pillar in. side bent the breaking 
000 the crushing stress the material. The compression 
given the table, 0.026. 
the point the extrados the 
bent pillar, the compressive strain 
pression the intervening points 
the vertical lines drawn those 
points, and the strain due these 
respective compressions, given 
Table No. the number 
pounds marked the bottom 
represents strain diagram the 


8) 
Fie 1. 


middle the pillar divided into ten laminas representing the mean 
stress each lamina. This diagram gives computation area 
080 lbs. and center gravity 0.0692 distant from the axis the 
pillar, which distance constitutes the deflection. 

series diagrams like these with varying strains forms 
basis for tables giving the breaking weight, deflection, and, will 
shown hereafter, the breaking radius and breaking length all 


breaking lengths, as given in Tables Nos. 3 and 4, is absolutely correct. The method first 


stated (page 123) of computing deflection by the formula 6 = 5 > is less accurate and so 


the resulting determination the radius, and consequently the pillar length. The 
result is that for given pillar lengths the breaking weights are less than those based upon 


possible pillars.* Tables Nos. and have been prepared this 
* This process of ascertaining the breaking weights, deflections, radii and corresponding 
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manner; Table No. for cast-iron pillars, and Table No. for 
wrought-iron pillars. 

Let (Fig. represent the strain diagram the middle 
pillar bent the breaking point under breaking load Wab 
(tension) and (the ultimate crushing resistance the mate- 
rial). Then represents the total resistance bending, and 
the resistance vertical compression. 

the latter assumed pervade the whole pillar, the former 


determines the varying positive and negative strains and their accom- 


panying compression and extension, which con- 
stitute the elements that determine the radius. 
the intrados, the pillar always shortens 
bending. the extrados, may shorten less, 
not all, may lengthen tension. The 
shortening the breaking point the middle 
represents resistance bending becomes continually less 


points approaching the top and bottom pillar, and nil the top 
and bottom. 

The average the strains point (if the bending curve 
the pillar assumed the same that rectangular 
(C— W). curve drawn through the top, the bottom, and 
the middle the intrados pillar the breaking point therefore 
represents uniform strain compression p(C— W), anda 
similar circular curve the extrados represents uniform strain 


the assumption curved resistance diagram the middle the pillar the point 
breaking. Exactly how much this difference amounts to may be ascertained by comparing 
Tables Nos, and with Tables Nos, and 

Figs. 3 and 4 show the curves of breaking weights for respective pillar lengths in accord- 
ance with Tables Nos. 1 and 3 and Nos. 2 and 4 for more convenient comparison. But inas- 

has been used in the following analysis of deflections under loads less than the breaking 
weight with results that show no material difference when applied to either of Tables Nos, 
land 3 or Nos. 2 and 4, except in the case of long wrought-iron pillars. which show some- 
what increased safe loads when computed accordance with Table No. 

the breaking loads for both cast and wrougbt iron, given Tables 
Nos. 1 and 2, more nearly coincide with the results of Hodgkinson’s experiments, and inas- 
much as a moderate reduction of the safe loads of long columns secures reasonably moderate 
has been deemed best compute the tables safe loads accordance with 
Tables Nos. and 


much breaking weights are themselves criterion the formula 
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BREAKING WEIGHTS 


Fie. 3, 
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pression tension. The radius and deflection pillar are the sole 
elements its length (as will shown hereafter), and though the cir- 
cular curve which passes through the middle and top and bottom 
differs from the bending curve, this difference length may neg- 
lected without appreciable error. 


The radius circular curve the radius any portion it, 
being dependent upon the compression the intrados, and the com- 
pression extension the extrados. 
compression expressed the sign 
and extension the sign and 

the axis, then the radius and the diameter the pillar 


then ac; 


bending, then (C— W)], and 
p(C— W)] and 
negative and denotes tension. 

Example.—To find the radius for breaking weight 000 
lbs., the ultimate resistance the material crushing being 
Table No. the compression for 000 Ibs. 0.016045. For the 
additional 400 lbs. the rate the last 000 which 0.000454; 
0.000182; therefore, for 400 the compression 0.016045 
0.000182 0.016227. The compression due 600 the uniform 
stress the extrados Table No. 6.001606; hence, 

Table No. gives the uniform strains for cast-iron the intrados 
column and those the extrados column Column the 
same table gives the strain the middle the extrados. will 
observed that this strain one compression throughout the pillar 


67.7. 
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area when the breaking weights range from 000 lbs. down 000 
48000 lbs. the stress the middle the pillar the 
extrados nil. From 000 down 000 lbs. breaking weight, the 
strains the middle the extrados are tensional, beginning with 
ranging 000 lbs., the assumed ultimate resistance the 
material tension. the intrados the middle the pillar down 
breaking load 000 Ibs. the strain constant the ultimate 
resistance the crushing, which assumed 96000 
When cast-iron pillars exceed length 11.3 diameters, they break 
under load less than 000 lbs. rupture the extrados; hence, 
the strain the middle the intrados becomes less than 000 
115.1 ins. long, breaks tension the extrados, while the middle 
the intrados the strain compression has run down 000 

may noticed also that deflection becomes greater when the 
pillar becomes longer and the breaking weight becomes less. the 
breaking weights descend from 96000 000 lbs., deflection begins 
with 0.00175 and ends with 2.83333. The radius, the other hand, 
largest with the greatest breaking weight and becomes less when the 
breaking weight becomes less. least breaking weight 
48000 lbs. From this point downward the scale breaking 
weights the radius becomes larger again. 

Both radius and depend upon the resistance the pillar 
bending the breaking point. This resistance the potential 
energy the material still remaining after the vertical force end- 
wise compression deducted from the ultimate strength the 
material; Wor Ware the measure this potential energy. 
The greater the elastic force the greater the 
deflection. 

This accounts for the fact that pillars break with smaller deflections 
than beams under transverse load. the latter, resistance bend- 
ing the total ultimate strength the material, while the former 
portion this strength consumed endwise vertical com- 
pression. 

Let (Fig. represent small portion circular curve, the 
radius which and its diameter the curve may 
without serious error considered straight line, and the triangle 
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homologous the triangle ac:ab ab;bd and 


b 
Fie. 6. 


Let represent the length pillar bent with deflection 


2 


2 


Tables Nos. and give the length pillars corresponding 
the respective breaking weights for solid square cast and wrought- 
iron pillars, the assumption straight and curved diagrams 
resistance the middle the pillar. Fig. gives resistance curves 
the breaking point solid square cast-iron pillars all lengths 
and breaking weights accordance with Tables Nos. and also 
with Gordon’s formula and Hodgkinson’s experimental results. Fig. 
gives the same for solid square wrought-iron pillars. 


Eccentric 

The foregoing analysis refers pillars compressed endwise 
force acting the center 
gravity the resistance, which 
homogeneous pillar also 
the center gravity its cross- 
section. that case stress 
assumed equally distributed 
the top the pillar, also 
the bottom. 

When the force compressing the 
pillar not acting its center, 


and the eccentricity frac- 
tion its diameter), then the dis- 

tribution stress the top the pillar not uniform, but may 
expressed the diagram, Fig. where being denotes strain 


0 
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tension nil, and 


and 


the point breaking, the strain the intrados the middle 
the pillar has increased the crushing strain the material, 


hence the moment due The resist- 


ance the total bending therefore 


Let (Fig. the upper half the pillar bent the 
load placed upon the top the pillar the distance from its 
center resistance (where repre- 
sents fraction the diameter the 
pillar), and let the resultant de- 


flection and the resistance 
bending 


Let the breaking weight the 
pillar question, when acting the 
center resistance, placed the 
center, the moment resistance 


bending will and the pillar 

5 but asd = , then 


When this value introduced equation (1), then 


the case the cast-iron pillars, the bending resistance 
then 


q 
4 
3 
| 


384 EIDLITZ THE STRENGTH PILLARS. 


Table No. gives the breaking weights for cast-iron pillars 
length, diameters varying from 50, when compressed loads 
placed one side their neutral axis, for eccentricities 0.1, 0.3, 
0.5, 1.0. Table No. gives breaking loads for wrought-iron 
pillars for lengths diameters from for the same eccentric 
loads. 


THE CENTER RESISTANCE. 


Let pillar the length breaking deflection breaking weight 


and the corresponding bending moments are and 6,, 
and the bending radii and Inasmuch, however, 
respective deflections, and 6,,, irrespective bending weight. 
The bending moment, the other hand, depends the bending 
weight well the The greatest bending strain occurs 


the middle the intrados the pillar, and the breaking point 
the crushing resistance the material when the 
point With deflection the greatest stress the middle the 
Comparing the bending moments with the respective resistance, 


elasticity assumed uniform, and the internal 


stress which resists bending and the compression due Wis 


being the modulus elasticity the material question, 


the radius may found comparing the length any unit meas- 
ure the intrados with corresponding unit the pillar axis, with- 
out regard the vertical compression which uniformly distributed. 
that case compression the pillar axis nil and the intrados 
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(W—a)) 
From equation (2) 


W and é 


and 


— (W—a—b): 


all cases. Therefore equation (5) only when and 
nil. 

all points short the breaking known ex- 
periment that there equilibrium during the process bending 
under breaking weight until the breaking deflection reached, and 
that resistance the bending moment least the smallest deflec- 
tion, and becomes greater the breaking deflection approached. 


Yet half the breaking deflection 


6 


hence, 


the breaking point 


385 
and 
W—a 
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represented internal force resistance the bending 


moment, then experiment would show condition equilibrium but 


this not being the case only partially consists compression, 


stress equal (W—a). 

But Wis measure the radius, hence the radius the 
result two forces. The one which the force 
compression the intrados excess that the pillar axis, and the 
force which for the present may attributed the vertical stress 
weight without definition its exact nature, simply be- 
cause endwise compression the sole cause any and all deformation 
the pillar. example illustrate the foregoing more clearly: 

Given 1-in. square cast-iron pillar and 9.5 ins. long, then 


0.08333, then 135.4. 
The value being unknown further than that less than 
must something between 000 lbs. and nil. Whatever its mag- 


nitude; when the radius must 135.4. 


and 24000 lbs.; hence being known, the 
radius may computed the formula developed page 380, 

070 lbs. (which is, will appear hereafter, the true 
weight which bends the pillar with deflection 0.08333), then 
W=19 534 and 606 and 233.1. 

Table No. gives the values and for possible 
from 000 down 000 Ibs. 

Inasmuch the radius corresponding with deflection 0.08333 
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cannot more than 135.4, appears that whatever the bending 


weight which results resistance the radius corre- 


spond with that resistance less than the radii shown Table No. 7A, 
whence must correspondingly greater than those appear- 
ing the table. 

greater than the bending moment. 

constitutes the resistance force acting transversely the 
pillar length the extent the deflection. appears that when pillar 
bends under any weight the deflection not owing 
primarily diversity compression, but sliding motion the 
particles horizontal direction which results dis- 
placement the compressing force one side the 
pillar axis, hence unequal compression the transverse 
area the pillar. 

Fig. the curve deflection projected, which 
due unequal compression, and the curve 
total This means that (the actual 
and that part the actual deflection 
which due diversity compression, and means 
further that during the process bending the point 
has moved horizontally while remained stationary, also that the 

stationary are movable. This motion doubtless be- 
gins with any pressure, matter how small, and when very 
small, also will proportionately small. Yet the line com- 
pression continues straight line between the poles the pillar 
axis, and the pillar axis the meantime has become curve, un- 
equal compression the result. will shown hereafter that when 
the compressing force very small compared with the breaking 
weight, also very small compared with and when the com- 
pressing force becomes the breaking weight, 


the breaking point the amount bending depends upon the 
bending weight and upon the strength the material; this means the 
total potential energy the material still remaining after portion 
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has been consumed resisting vertical stress. The formula 
that pillar bends the breaking point much 


the resistance the material will permit and inversely the bending 
force. the breaking point element determining 
the length the pillar, and the square the pillar 
length limited the radius, which also the square the pillar 
length limited the deflection. Elasticity does not enter into deter- 
mining the breaking defiection. But when intended compare 
bending and resistance bending for weights less than the breaking 
weight, elasticity becomes element comparing the condition 
for weight with corresponding condition the breaking 
point. 

resistance bending under the weight called then 

WE, 
Now the radius expressed terms elasticity 


the pillar length, and the length pillar which the 
breaking weight. 

Tables Nos. and give the computed the above for- 
mula for various weights less than the breaking weight, also the 
respective radii and deflections deduced from the value. 

will seen that all cases, whatever the value that 

Example.—To find the value for solid 1-in. square cast- 
iron pillar 9.5 ins. long, which 000 lbs. the breaking weight, 
when loaded the center resistance with weight 000 

The length pillar which breaks under load 000 
19.4 diameters L,, hence 376.36, 000 lbs., and 


/ 
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Find the Radius.—The radius may found the formula— 

(0.002897 0.001451) 

Find the Deflection.—The breaking radius pillar 9.5 ins. 
length previously described 67.7, and the breaking deflection 
690.1 
tion due the weight 000 Ibs. 

The deflection may computed however from the quantity 
without reference the radius the formula 6,: C,where 
the difference compression between that the intrados and ex- 
W)), hence 

Table No. compression 050 0.002897 


690.1. 


and the difference between them 0.001447 
Table No. may also found 
0.016683 0.001606 0.014977 


and as 6 = eR hence 6, = 6x0.014977 = 0.0161 


The difference (0.00027) between this result and the previous one 
owing the fact that pillar lengths are developed only the extent 
one decimal, which ordinarily quite sufficient for all practical 
purposes. 


. 2 
Table No. gives the values 


and pX, the radii and 
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deflections various weights less than the breaking weight solid 
square cast-iron pillar 9.5 length. 
Table No. shows the deflection the 
Breaking weight, 000 lbs. 0.16666 


Table No. gives the same data for square solid wrought-iron 
pillar 19.6 diameters length. 

The deflection under loads less than the breaking load may also 
computed directly from the resistance the breaking point the 


Resistance bending under lesser weights than the breaking 


where the pillar length question and the breaking length 
pillar which breaks under W,, the weight assumed 
Let force applied transversely upon the pillar its middle, 
then and w= 57 a (8) 
considered transverse load the middle the pillar, 
and the pillar considered beam resting the top and bottom, 


its deflection and the pillar heretofore solid and 


Substituting the value from equation (8) 


the solid 1-in. square wrought-iron pillar 19.6 ins. 
length, the breaking load which 000 its breaking 
000 what the deflection this pillar when bend- 

The length pillar that breaks under lbs. 38.8 
diameters, and L,? 505.44. 


. 

q 7 
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being 19.6, hence 14757.9. The average compression 
wrought iron within the limit elasticity 0.000045 per 000 


757. 
0.019. Table No. gives 
Deflections safe loads may also, within the limit elasticity, 
derived directly from the breaking deflection the following method: 


Approximately the modulus elasticity the last 000 Ibs. 

Fig. explains the reason for this statement. Let the 
trapezoid which represents the resistance the middle the pillar 
vertical load and bending; then 
the bending force and the tri- 
angles amg and represent the 
resistance bending, and and 
express number pounds, 
and and mean this num- 
ber pounds. the average 
the modulus elasticity the 000 lbs. also approxi- 
mately the average the moduli the various thousands pounds 
contained between danda. This approximately but not absolutely 
true, but the error involved small and the safe side. 


c 


Example.—What the deflection caused weight 000 
upon solid 1-in. square wrought-iron pillar 19.6 ins. 
000 Ibs. and (W) 1000 374.16; L,? 505.44; 


1505.44 
Table No. gives deflection 0.01828, hence the safe load given 
Table No. being 720 would reduced 388 Ibs. 


1 
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What the deflection caused 000 lbs. upon solid cast-iron 
pillar 9.5 ins. long and in. square heretofore described? The 
breaking weight 000 and the compression due the last 000 
Ibs., given Table No. column 0.00025. That the last 
000 Ibs. Ibs. 0.000083, 90.25 and L,? 696.96. The 


which exceeds the given Table No. (0.00800) 0.00035, 
hence the safe load reduced 33.6 

experimental test taken from the reports the Watertown 
Arsenal confirms the correctness weights less 
than the breaking weight. The report the Watertown Arsenal 
1888-89 gives page 733 the round hollow cast-iron 
pillar 6.35 ins. outer and 4.24 ins. inner diameter under various 
loads when compressed the testing machine. ultimately failed 
triple flexure. The length the pillar 13.09 25.3 diame- 
ters, hence the pillar considered hinged the ends which cor- 
responds with 12.65 diameters long. radius gyration 
this pillar expressed terms the diameter found 0.030236 
(in inches, 1.92), hence the length terms the radius gyration 
40.9. Table No. gives the safe load 380 Ibs. for this length. 
The pillar 11.8 diameters long (which length 
diameters, given Table No. corresponds with length radius 
pillar which has breaking weight 380 lbs. and which will 


139.24 


The metal area the pillar reported the Watertown Arsenal 
17.28 sq. ins., hence the total load the pillar corresponding the 
safe load 380 Ibs. 248 486 lbs. The report gives deflections the 


0.00835 


T= 16000 “ 
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middle the pillar two directions, horizontal and vertical, for 
240 000 0,04 and respectively, and for 260 0.05 
and From this data may deduced the 248 436 
The true deflection the resultant the vertical 
this the diameter the pillar, 6.35, and will found that 
the deflection 0.016. 

Table No. gives the radii and deflections pertaining various 
weights from nil 000 which the breaking weight 
solid square cast-iron pillar 9.5 ins. length. 

Table No. gives the radii and pertaining various 
weights (W) from nil 000 which the breaking weight 
solid 1-in. square wrought-iron pillar 19.6 ins. long. 

intended that the maximum strain the pillar shall not 
exceed 000 one-sixth the ultimate strength the material, 
and that load bending the pillar can considered safe load 
which results maximum strain greater than 000 clear 
that load 232 would certainly constitute safe load, inas- 
much the resistance the bending moment does not exceed 768 
fact, the deflection caused weight 232 lbs. less than 
0.008, hence the bending moment less than 128 lbs. will seen 
Table No. that the safe load for the pillar described previously 
300 

Table No. has been computed the manner indicated. load 
assumed probable constitute safe load given pillar, 
and its deflection computed the method given page 389; 
then the correctness the assumed load tested the formula 
+66, MS, wherein means the maximum strain the 
first assumed, and 000 then greater. Column 
Table No. gives the lengths pillars expressed diameters, and 
column terms the radius gyration, for convenient reference 
computing safe loads for pillars all forms. Column gives the 
safe loads, and column the respective breaking loads. 

will noticed that for pillars less than seven diameters length 
the safe load one-fourth the breaking load, and less when the pillar 
very short. From seven about twelve diameters length, the safe 
load varies from one-fourth one-third the breaking load. From 
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diameters the safe load varies from one-third one-half the 
breaking load, and from diameters the safe load nearly one- 
half the breaking load. The significance the relation safe loads 
becomes more apparent reversing the above state- 
ment follows 

Breaking loads approximate safe loads (which cause given maxi- 
mum strain) magnitude ratio related the length the pillar. 

With pillar infinite length the safe load and the breaking 
weight must both nil, and with pillar inappreciable length, 
say, plate, the safe load multiplied the factor safety 
equal the breaking weight. 

Table No. gives for wrought-iron pillars all the data contained 
Table No. for cast-iron pillars. 

Example.—Find from Table No. the safe load per inch metal 
round, hollow cast-iron column ft. long and ins. outer and 
ins. inner diameter. 


terms the radius gyration Table No. gives the 
safe load per inch metal pillar 56.5 radii gyration length 
006 

may noted here that cast-iron pillars not exceeding diam- 
eters radii gyration length are not subject tension the 
trados under safe load, given Table No. when the load placed 
the center gravity the pillar. Inequalities and other probable 
defects castings are assumed covered the factor safety. 

Breaking loads for cast-iron pillars given Table No. and for 
wrought-iron pillars given Table No. also the respective safe 
loads, given Tables Nos. and being computed the as- 
sumption that the load applied the center gravity the pillar, 
essential that this should the case accurately, inasmuch 
slight deviations cause material differences their magnitude. 
cast-iron pillar ins. diameter and 11.9 ft. length 14.3) will 
break under load 000 Ibs. per inch metal area, when the load 
placed the center gravity the pillar. When placed in. one 
side the center will break under 150 and when placed 0.5 
in. off the center gravity the pillar the breaking load 050 
19% less than when exactly the center. 
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The report tests the strength structural material made 
the Watertown Arsenal during the year 1884 gives page the com- 
pression common hard-brick pier, ins. square and 16,48 ins. 
high, laid lime mortar composed part lime and parts sand, 
months old when tested. 

brickwork laid with good cement (say, part the best 
Rosendale and parts sand) used ordinary building, least 
six months expire before loaded the full extent the safe load 
assumed. The resistance compression brickwork laid may 
considered fully great that brickwork laid lime mortar 
months old. Its compressibility will probably less. doubtless 
safe assume that greater. 

Table No. gives compression parts for loads 000 
Ibs. per square inch, deduced from the Watertown experiments, and 
shows sufficient uniformity warrant the acceptance modulus 
elasticity 160 000 without appreciable error practice. 

Let 000 the breaking weight (it 440 the Water- 
town test) and 300 lbs. the maximum stress permissible under safe 
load, also let the cohesion the cement mortar ignored medium 
resistance tension, then one-sixth the diameter becomes the 
greatest possible deflection the breaking point. other words, the 
breaking point occurs whenever the stress the intrados amounts 
000 lbs. the stress the extrados nil. 


With uniform elasticity the radius and 
174 000 174 000 
and 


The stress the intrados under safe load 300 lbs. pil- 
lar length 13.2 diameters, where the breaking load 1000 
pillars greater lengths the stress the intrados cannot exceed 
twice the amount the safe load without causing tension the ex- 


For lengths terms the diameters, the square the respect- 
ive lengths, breaking loads per square inch sectional area, break- 


ing deflections, safe loads per inch area and deflections under them, 
see Table No. 11. 
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will noticed that for lengths greater than 13.2 diameters the 
safe loads intended remain constant. 

The weights floors supported the center resistance 
wall pier constitute part the superincumbent weight, pound for 
pound. happens, however, that floor beams girders 
are placed that they constitute eccentric load, and the 
order ascertain the value the centric load which represents them. 
This rule approximately correct view the minute 
under safe loads applied practical building. 


Table No. gives the safe loads for yellow pine pillars based upon 
000, computed described previously. 
For knots and sap due allowance made, and 25% may 
added for pillars for temporary use. 


For convenience use, the leading formulas deduced the pre- 
discussion are printed here, together with the notation. 
Notation.—C the ultimate resistance the material compres- 
sion. 
the ultimate resistance the material tension. 
breaking weight. 
weight less than the breaking weight. 
radius the breaking point. 
diameter, taken the paper. Hence the 
moment inertia for solid square section, 
and the moment resistance 
the amount compression. 


gyration. 
0.6125. 


‘ 
_ 
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the modulus elasticity for compression. 


tension. 
diameter. 


are the coefficients stress eccentric loads. 


Formulas.—Breaking weights and safe loads are computed upon the 
assumption that pillars are compressed the center resistance and 
are subject single flexure, except the case eccentric loading. 

Deflection the breaking point. 


Radius the breaking point corresponding given deflections. 


Breaking length. 


With eccentric loading. 


Compression the ends the pillar. 


Breaking weight expressed ultimate resistance the material 
and centric breaking loads. 


Resistance, bending when less than 
Deflection, when less than 


Brickwork. 


Yellow pine posts. 
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4 


+. 


to W. 
to the last 
000 pounds. 
column, 
Compression, — 


Tension, 
the intrados, 


Breaking weight, 
Compression due 
Compression due 
Strain at the 
middle of the 
Deflection, 5. 
Average strain at 
w+p(c— W). 
Average strain at 
the extrados, 
W). 


on 


4.2 


398 
4 
0.025333 0.000667 —94 000 0.00175 612 94388 1259.2 
0.024736 0.000597 —92 000 775 670.2 
0.024155 0.000581 —90 000 837 163 462.9 
0.023590 —88 000 0.00724 449 551 354.6 
91000 0.023038 —86 000 0.00916 062 938 288.8 
90000 0.022493 0.000545 —84 000 0.01111 675 325 244.2 
89000 0.021955 0.000538 —82 000 0.01311 287 713 213.2 
0.021424 —80 000 0.01515 900 100 189.1 
0.020900 0.000524 —78 000 0.01724 512 488 170.5 
0.020383 0.000517 —76 000 0.01938 125 875 155.7 
84000 0.019370 0.000503 000 0.02381 350 650 133.5 
82000 0.018385 0.000489 —68 000 0.02846 575 425 117.8 
0.017903 —66 000 0.03086 187 813 111.6 
0.017428 0.000475 —64 000 0.03333 800 200 106.3 
0.016499 0.000461 —60 000 0.04060 025 975 
77000 0.016045 0.000454 —58 000 0.04113 637 363 
0.014725 0.000433 —52 000 0.05000 475 525 
0.014299 —50 000 0.05251 087 913 
72000 0.013880 0.000419 —48 000 0.05585 700 300 
0.013468 0.000412 —46 000 0.05879 312 688 
0.013063 0.000405 —44 000 0.06190 855 
000 0.012665 —42 000 0.06522 537 463 
000 0.012274 —40 000 0.06872 150 850 
0.011143 0.000370 —34 000 0.07949 987 013 
61000 0.009737 0.000341 
000 0.009076 0.000327 
000 0.008756 0.000320 
57000 0.008443 0.000313 
52000 0.006983 0.000278 
51000 0.006712 0.000271 
48 000 0 
000 
000 
000 
41000 0.004418 0.000190 
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TABLE No. 1—(Continued). 


39000 | 0.004059 0.000176 | *—94 000 0.28500 72 687 5 313 72.2) 11.6 
38000 | 0.003890 0.000169 —92 000 0.23684 71 075 4 925 74.3 11.8 
87000 | 0.003728 0.000162 —90 000 0.23874 69 462 4 538 79.8 | 12.3 
36000 | 0.003533 0.000155 —88 000 0.24074 67 850 4150 83.7 12.7 
35.000 | 0.003425 0.000148 —86 000 0.24285 66 237 3 763 87.9 13.0 
$4000 | 0.003283 0.000142 —84 000 0.24510 64 625 3 375 93.2 13.5 
$3000 | 0.003147 0.000136 —82 000 0.24747 63 012 2 988 97.6 13.9 
$2000 | 0.003016 0.000131 —80 000 0.25000 61 400 2 60u 103.3 14.3 
$1000 | 0.002891 0.000125 —78 000 0.25268 59 787 2213 109.1 14.8 
30 000 0.002771 0.000120 —76 000 0.25555 58175 1 825 115.3 15.3 
29 000 0.002657 0.000114 —74 000 0.25862 56 562 1 438 121.5 15.8 
28 000 0.002547 0.000110 —72 000 0.26190 54 950 1 050 128.7 16.4 
27000 | 0.002441 0.000106 —70 000 0.26543 63 337 663 136.4 17.0 
26000 | 0.002337 0.000104 —68 000 0.26920 51 725 275 144.7 17.6 
25 000 | 0.002235 0.000102 — 66 000 0.27333 50 112 112 153.7 18.3 
24000 | 0.002134 0.000101 — 64 000 0.27777 48 500 600 170.4 19.4 
23.000 | 0.002034 0.000100 —62 000 0.28261 46 887 887 173.8 19.8 
22000 | 0.001935 0.000099 —60 000 0.28800 45 175 1175 185.8 | 20.6 
21 000 | 0.001837 0.000098 —53 000 0.29365 43 662 1 662 196.5 21.5 
20000 | 0.001740 0.000097 —56 000 0.30000 42 050 2 050 208.9 22.4 
19 000 0.001644 0.000096 —54 000 0.30700 40 437 2 437 221.4 23.3 
18 000 0.001549 0.000095 —52 000 0.31480 38 825 2 825 234.6 24.3 
17000 | 0.001455 0.000094 —650 000 0.32335 37 212 3 212 248.5 25.3 
16000 | 0.001362 0.000093 —48 000 0.33333 35 600 3 600 262.3 | 26.4 
15 000 0.001270 0.000092 —46 000 0.34444 33 987 3 987 276.9 27.6 
14000 | 0.001179 0.000091 —44 000 0.35715 32 375 4 375 291.7 | 28.8 
18000 | 0.001089 0.000090 —42 000 0.37154 30 772 4772 306.6 | 30.1 
12000 | 0.001000 0.000089 —40 000 0.38888 29 150 5 150 $22.2 31.8 
11000 | 0.000912 0.000088 —38 000 0.40909 27 537 5 537 337.8 | 33.2 
10000 | 0.000825 0.000087 —36 000 0.43333 25 925 5 925 353.9 | 350 
9 000 0.000739 0.000086 —34 000 0.46300 24 312 6 312 371.3 37.0 
8 000 0.000654 0.000085 —32 000 0.50000 22 700 6 700 389.7 39.4 
7000 | 0.000570 0.000084 —30 000 0.54760 21 087 7 087 409.9 42.3 
6000 | 0.000487 0.000083 —28 000 0.61111 19 775 7475 425.9 | 45.6 
5 000 0.000404 0.000083 —26 000 0.70000 17 832 7 832 460.8 50.0 
4000 | 0.000322 0.000082 —24 000 0.83333 16 250 8 250 486.9 | 56.9 
3000 | 0.000240 0.000082 —22 000 1.05555 14 637 8 637 521.0 | 66.3 
2000 | 0.000195 0.000081 — 20 000 1.50000 13 025 9 025 635.7 | 80.0 
1000 | 0.000079 0.000080 —18 000 2.83330 11 412 9 412 584.4 | 115.1 


Strains this point change from the extrados the intrados, where heretofore the 


strain has been 96000. the extrados the strain continues +16 000 the end the 
table. 
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TABLE No. 


WwW. 


Breaking weight, 


to W, 


Compression due 


0.00800 
0.00749 
0.00701 
0.00655 
0.00611 
0.00569 
0.00529 
0.00491 
0.00455 
0.00421 
0.00389 
0.00359 
0.00331 
0.00305 
0.00281 
0.00259 
0.00239 
0.00221 
0.00205 
0.00191 
0.00178 
0.00166 
0.00155 
0.00145 
0.00136 
0.00128 
0.00121 
0.00115 
0.00110 
0.00105 
0.00100 
0.00095 
0.00090 
0.00085 
0.00080 
0.00075 
0.00070 
0.00065 
0.00060 
0.00055 
0.00050 
0.00046 
9.00041 
0.00037 
0.00032 
0.00028 
0.00024 
0.00020 
0.00016 
0.00012 
0.00008 
0.00004 
0.00002 


.—BREAKING WEIGHTS FOR 


+ 


column. 
Compression, — 


to the last 
Tension, 


Compression due 
1000 pounds. 
Strain at the 
middle of the 
Deflection, 8, 

Average strain at 
the extrados, 

Average strain at 
the intrados. 

Radius, R. 
Length, L. 


. 


HOW DH HOODOO 


400 
i i i i i 
52 000 52000 |...........| —52000 | 52000 | 
51 000 0.00051 —50 000 0.0033 | —50 388 51 612 1 654.2 
50 000 0.00048 —48 000 0.0066 | —48776 | 51224 863.4 
49 000 0.00046 —46 000 0.0102 —47163 | 50837 605.7 
48 000 0.00044 —44 000 0.0140 | —45550 | 50450 473.2 
47 000 0.00042 —42 000 0.0177 —43 938 | 50062 394.0 
46 000 0.00040 —40 000 0.0217 —42 325 | 49675 346.5 
45 000 0.00038 —38 000 0.0259 —40 713 | 49287 313.8 
44 000 0.00036 —36 000 0.0303 —39 100 | 48900 290.1 
43 000 0.00034 —34 000 0.0349 | —37488 | 48512 273.3 
42 000 0.00032 —32 000 0.0397 | —35875 | 48125 261.4 
41 000 0.00030 —30 000 9.0447 | —34263 | 47737 254.7 
40 000 0.00028 —28 000 0.0500 | —32650 | 47350 250.0 
39 000 0.00026 —26 000 0.0555 | —31038 | 46 962 250.0 
‘ 38 000 0.00024 —24 000 0.0614 | —29425 | 46575 250.0 
37 000 0.00022 —22 000 0.0676 | —27813 | 46187 250.0 
36 000 0.00020 —20 000 0.0741 —26 200 | 45800 250.0 
35 000 0.00018 —18 000 0.0810 —24 588 45 412 253.6 
34 000 0.00016 —16 000 8.0884 —22 975 | 45025 257.6 
33 000 0.00014 —14 000 0.0960 | —21363 | 44637 261.7 
32 000 0.00013 —12 000 0.1042 | —19750 | 44250 265.0 
31 000 0.00012 —10 000 0.1129 —18 128 | 43872 270.4 
30 000 0.00011 — 8 000 0.1222 —16 525 | 43 475 272.1 
29 000 0.00010 — 6 000 0.1322 | —14913 | 43 087 277.8 
28 000 0.00009 — 4000 0.1426 | —13 400 | 42600 284.2 
27 000 0.00008 — 2000 0.1543 | —11688 | 42312 286.0 
26 000 0.00007 0 000 0.1666 | —10075 | 41925 288.4 
25 000 0.00006 + 2000 0.1800 | — 8 463 41 537 292.6 
24 000 0.00005 + 4000 0.1944 | — 6 850 41 150 295.4 
23 000 0.00005 + 6000 0.2101 — 5 238 40 762 301.5 
22 000 0.00005 + 8000 0.2272 — 3625 | 40375 306.2 
21 000 0.00005 +10 000 0.2460 — 2013 | 39987 309.0 
20 000 0.00005 +12 000 0.2666 |— 400; 39600 310.0 
19 000 0.00005 +14 000 0.2900 | + 1212/ 39212 318.0 
18 000 0.00005 +16 000 0.3148 + 2825 | 38825 320.0 
17 000 0.00005 +18 000 0.3431 + 4437 | 38437 323.5 
16 000 0.00005 +20 000 0.3750 + 6050 | 38050 326.3 
15 000 0.00005 +22 000 0.4111 | + 7662 | 37662 328.0 
14 000 0.00005 +24 000 0.4524 +9275 | 37275 329.6 
13 000 0.00005 +26 000 0.5000 +10 887 36 887 331.8 
12 000 0.00004 +28 000 0.5555 +12 500 | 36 500 332.0 
11 000 0.00004 +30 000 0.6212 +14112 | 36112 329.9 
10 000 0.00004 +32 000 0.7000 +15 725 | 35 725 329.7 
9 000 0.00004 +34 000 0.8000 | +17337 | 35 337 327.6 
8 000 0.00004 +36 000 0.9166 +18 950 34 950 326.6 
7 000 0.00004 +38 000 1.0714 | +20562 | 34562 325.5 
6 000 0.00004 +40 000 1.2777 | 422175 | 34175 323.5 
5 000 0.00004 +42 000 1 5666 | +23778 | 33778 322.4 
4000 0.00004 +44 000 2.0000 +25 400 | 33 400 318.3 
3 000 0.00004 +46 000 2.7222 +27010 | 33010 313.4 
2 000 0.00004 +48 000 4.1666 +28 625 | 32625 304.8 
1 000 0.00004 +50 000 8.5000 +30 240 | 32240 295.0 
500 0.00004 +51 000 17.1666 | +32040 | 33040 280.9 
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LOADED THE CENTER. 


Breaking weight, 
Ww. 


Compression, 


Tension, 


dle of the pillar 
at extrados to *, 
afterward at in- 


Strains at the mid- 
trados, 


Deflection, 8. 


the iutrados, - 


Average strain at 
W). 


Average strain at 
the extrados, 


Radius, 


Length, L. 


—T4 920 


20 


58.1 
58.0 


OM 


—94 000 0.00 95 635 94 365 1 230.8 4.0 : 
—92 000 0.0040 95 273 92 727 643.7 4.4 4 
—90 000 0.0064 94 909 91 091 455.5 4.8 iq 
—88 000 0.0088 94 545 89 455 349.1 4.9 4 
—86 000 0.0104 94 182 87 818 268.6 4.8 og 
—84 000 0.0124 93 675 86 275 243.1 4.8 3 
—81 630 0.0144 93 287 84 486 
—T9 250 0.0168 92 900 82 640 evecccccee 7 
—76 730 0.0184 92 512 80 710 coccccccccce|socseccscccs “4 
300 0.0200 92 125 78 834 
—70 000 0.0240 91 350 75 425 
—67 500 0.0265 90 962 73 510 
—65 000 0.0290 90 575 ‘71 590 es 
—62 500 0.0305 90 187 69 670 ig 
—60 000 0.0324 89 800 67 750 96.4 5.0 i 
—57 500 0.0344 89 412 65 220 
| —55 000 0.0368 89 075 63 910 
7 —52 500 0.0400 88 640 62 000 
q —50 000 0.0432 88 250 6u 075 81.2 5.3 4 
7 —46 800 0.0480 87 826 57 730 17.8 5.4 
7 —43 500 0.0528 87 475 54 700 73.5 5.5 
7 —39 500 0.0580 87 090 52 480 71.3 5.7 “4 
7 —85 000 0.0632 86 700 49 338 
7 —30 400 0.0697 86 312 46 133 65.9 6.0 q 
7 —25 300 0.0752 85 925 42 620 § 
—19 700 0.0826 85 537 38 800 6.3 B 
—14 000 0.0900 85 150 34 925 6.5 : 
—10 000 0.0975 84 762 32 090 | 
— 6000 0.1000 84 375 29 250 4g 
* — 2200 0.1054 3 987 26 535 7.0 4 
+ 1000 0.1104 83 600 24 190 7.1 I 
+ 4500 0.1144 83 170 21 660 7.2 ce 
8000 0.1184 82 825 19 125 
+11 500 0.1224 82 437 16 590 57.7 7.6 , yg 
+165 000 0.1264 82 050 14 063 57.5 7.6 4 
+16 0.1304 81 540 13 060 
—93 290 0.1372 79 230 12 290 4g 
—91 975 0.1400 78 035 11 900 ; 
—90 670 0.1432 76 850 11 510 4 
—89 350 0.1464 75 650 11 125 q 
—88 040 0.1492 74 460 10 740 } 
—86 725 0.1520 73 270 10 350 “9 
—85 420 0.1540 72 080 9 960 4 
100 01560 70 890 9 575 
—82 640 0.1572 69 500 9190 
—81 175 0.1584 68 320 & 800 10.0 4 
—80 020 0.1608 67 225 8 410 10.6 7 
—T 850 0.1632 66 120 8 025 10.9 | 
—TT 540 0.1652 64 930 7 640 11.2 ig 
—76 225 0.1672 63 740 7 250 11.5 q 
0.1676 62 550 6 460 11.7 
{ 
t 
: 
Oe 
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TABLE No. 3—(Continued). 


dle of the pillar 
at extrados to*, 
afterward at in- 
Deflection, 8. 
the intrados, 
W-+p(c— W). 
the extrados, 


Strains at the mid- 
Average strain at 


Breaking weight, 
Average strain at 


an 


0. 
0. 
0. 
0. 
0- 
0. 
0. 
0.233 
0 
0. 
0. 
0 
0 
0 
0. 
0 


AeA 


o 


Length, L. 


402 
000 600 0.1680 350 475 106.5 11.9 
000 —72 290 0.1692 165 090 112.1 12.3 
000 975 0.1704 970 700 115.7 12.5 
000 700 0.1720 800 310 120.5 12.8 
350 0.1736 590 125.7 13.2 
040 0.1760 4540 134.4 13.8 
—65 725 0.1784 200 4150 187.0 14.0 
420 0.1808 020 760 143.0 14.4 
100 0.1824 820 375 149.5 
170 0.1928 250 2210 172.1 16.4 
—57 850 060 825 179.1 16.8 
540 970 187.0 17.0 
230 730 050 17.8 
920 490 660 205.4 18.5 
—52 600 42 290 375 215.1 19.1 
—51 300 41110 112 224.4 28 
000 920 500 234.2 
620 890 245.2 
090 1275 260.0 
21 000 —46 000 0 
000 250 
18 000 —43 500 
000 550 
16 000 —41 600 
15 000 —40 800 
14 000 —40 000 0. 
000 —38 000 
10 000 —35 300 0.4688 25 500 5 925 
000 000 0.5568 700 700 
000 300 0.6752 660 7475 
000 650 0.7504 260 860 
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Compression, Tension, 
< _ 

000 
000 0.0120 840 860 558.1 7.3 
000 100 0.0304 290 550 285.2 8.3 
000 0.0428 512 960 252.0 9.2 
000 000 125 425 337.7 9.7 
000 500 0.0696 160 222.9 11.1 
000 0.0788 960 300 218.8 11.7 
000 000 0.0996 999 195.9 12.2 
000 0.1344 025 300 202.4 14.7 
000 000 0.1488 640 2910 204.4 14.7 
500 0.1632 250 220 210.0 16.5 
000 000 0.1992 475 525 218.8 18.6 
000 400 090 770 226.3 19.7 
000 000 0.2336 700 526 227.8 20.6 
000 500 0.2708 925 220 22.7 
000 750 0.2952 760 248.6 24.0 
000 250 0.3440 840 255.3 26.5 
000 000 0.3932 990 075 267.0 28.9 
19,000 750 0.4462 210 310 279 31.6 
0.4744 825 850 285.3 32.9 
000 0.5299 440 240 292.2 35.1 
000 000 050 240 297.3 37.3 
000 500 0.6419 660 930 302.7 39.4 
000 0.6983 275 625 308.3 41.5 
000 500 0.7503 890 320 311.0 43.2 
000 000 0.8023 500 319.2 45.2 
000 000 0.9846 400 330.0 50.9 

300 1.3979 560 343.4 62.0 

750 2.2910 790 020 348.9 80.0 

500 2.7526 400 870 351.8 88.0 


q 
j 
q 
4 
‘ 
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TABLE No. Loaps For Eccen- 


Breaking loads for-— 

‘2 

a n=0.1, n= 0.8, n= 0.5, n = 0.7. n=10, 
84 000 5.0 46 500 13 840 7040 4 640 3 060 
72 000 6.0 45 130 13 260 7 000 4 590 3 040 
62 000 7.0 41 500 12 670 6 760 4 530 3010 
56 000 8.0 36 680 12 260 6 650 4 480 3 000 
50 000 9.1 30 350 11 800 6 530 4 430 2 980 
45 000 10.1 27 850 11 360 6 400 4 380 2 950 
41 000 11.1 25 930 10 970 6 290 4 330 2 930 
37 000 12.3 23 800 10 540 6 150 4270 2 900 
35 000 13.0 22 680 10 310 6 080 4 250 2 380 
32 000 14.3 21 150 10 000 6 000 4 200 2 880 
30 000 15.3 20 000 9 670 5 860 4130 2 840 
27 000 17.0 18 350 9 220 5 700 4 050 2 800 
24 000 19.4 16 600 8 770 5 470 3 960 2 760 
21 000 21.5 14 920 8 190 5 300 3940 2710 
17 000 25.3 12 500 7 360 4 950 3 660 2 620 
13 000 30.1 10 000 6 350 4470 3410 2500 
10 000 35.0 8 000 5 430 4000 3120 2340 

5 000 50.0 4 350 3 000 2700 2160 1 860 


TABLE No. Loaps For Various 


Central breaking 
load, W. 


Breaking loads for— 

7.0 23 930 17 960 11 850 8 550 6 560 
10.0 22170 13 860 10 310 8 270 6 300 
12.1 21 180 13 400 10 000 8 100 6 290 
16.3 19 340 12 650 9 672 7 790 6 100 
20.5 17 430 11 800 9 100 7 450 5 980 
24.6 15 600 10 930 8 570 7090 5 640 
28.4 14 020 10 150 8 070 6 740 5 430 
31.3 12 470 9 480 7120 6 460 5 240 
34.8 12 090 8 840 6 930 6 100 5 030 
38.3 10 240 8 050 6 690 5 740 4710 
43.9 8 780 7140 6 000 5 270 4 420 


‘ 
49 000 
40 000 
36 000 
30 000 
25 000 
21 000 
18 000 
16 000 
14 000 
12 000 
10 000 
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Compres- 
moment, 
48 000 1 48 000 29 400 67.7 0.16666 0.16666 8 000 
44 000 - 86745 41 637 25 500 88.2 0.12812 0.10000 5 637 
40 000 - 70679 33 926 20 780 124.9 0.09047 0.05384 3 620 
39 070 -6742 32 360 19 820 135.4 0.08333 0.04065 3 256 
36 000 -55961 26 860 16 352 185.2 0.06100 0.02700 2 200 
32 000 44134 21 800 12 975 278.4 0.04059 0.01300 1300 
28 000 -33555 16 106 9 855 442.8 0.02552 0.00600 714 
24 000 - 23979 11 610 7 050 690.0 0.01655 0.00460 397 
20 000 .17986 8 613 5 296 977.7 0.01155 0.00177 231 
16 000 -12949 6 215 3 807 1 418.5 0.00800 0.00090 128 
12 000 08914 4 280 2 620 2 157.6 0.00528 0.00046 63 
8 000 -05913 2790 1710 3 458.0 0.00330 0.00015 26 
4000 -02787 1338 820 7 300.0 0.00155 0.00004 6.2 
1000 -00681 327 200 31 232.0 0.00036 0.00000 0.36 


the point the deflection hence the bending moment 000 
0.1666 bend the pillar half the breaking deflection, the bending weight 
39070 and the bending moment lbs, endwise compression 000 
(one-half the breaking weight) results deflection 0.01655, about the breaking de- 
flection and the bending moment is 24 000 X 0.01655 = 397, or about the twentieth part of 
the bending moment at the breaking point. 

When the load is 16 000 Ibs. the deflection is reduced to 0.008, and the bending mo- 
ment 000 0.008 128 about the sixtieth part the bending moment the 
point breaking. may observed here that the resistance bending this case 
being six times the bending moment, 6 x 128 = 768 lbs,, hence the strain at the intrados is 
768 consisting the strain caused resistance the bending moment and that 
vertical compression caused the bending weight. 


4 
4 
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19.6 THE CENTER WITH VARIOUS 


26 000 19.6 874.16 | ..0.0-.ccccee 15 926 26 000 0.16666 
24 000 21.4 457.96 0.81701 18 010 21 240 0.10300 
22 000 23.5 552.25 0.67752 10 790 17 600 0.07224 
20 000 25.8 665.64 0.56210 8 950 14 610 0.04758 
18 000 28.4 806 .56 0.46389 7 390 12 060 0 03568 
16 000 31.3 979.69 0.38202 6 080 9 932 0.02900 
14 000 34.8 1211.04 0.30895 4 920 8 030 0.02292 
12 000 38.8 1 505.44 0.24854 3 960 6 460 0.01828 
10 000 43.9 1 927.21 0.19414 3 090 5 040 0.01305 
8 000 50.0 2 500.00 0.14096 2 240 3 670 0.00900 
6 000 59.6 3 552.16 0.10533 1670 2744 0.00406 
4000 74.4 5 535.36 0.06760 1120 1 760 0.00112 
2 000 100.7 10 140.00 0.03689 587 960 0.00091 


Bent BREAKING DEFLECTION THE ASSUMPTION 


1 


ZONTAL SHIFTING THE THE 


8. S—w, | p(S— W,) R. 
000 000 000 600 140.3 
000 000 000 475 172.7 
600 000 000 250 219.5 
000 000 000 025 286.8 
000 000 000 575 514.9 
24 000 36 000 12 000 7 300 664.8 
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di- 


ameters. 


Lengths in 


bo 


22. 
22 
23 
23 
24 
24. 
25 
25 
26 
26 
27 


Lengths in radii 
of gyration, 


DRAW AW EH HR AA 


ane 


Safe load. 


Breaking weights, 


000 


19 000 


2670 16000 GIVEN FOR ALL 


4 


ot 

ae 
bo te, a 
= 
28.0 96.9 7 650 eecwaccecesce 
28.8 99.8 7 450 14 000 
29.0 100.4 7 400 
30.0 102.9 7100 
30.1 104.3 7070 13 000 
31.0 107.3 6 800 
31.8 110.1 6 640 12 000 
32.0 110.8 6 600 eoccccccccce: 
33.0 114.3 6 400 eececcccccccs 
33.2 115.0 6 360 
34.0 117.7 6 209 
35.0 121.2 5 920 10 000 
36.0 124.7 5 640 
37.0 128.2 5 360 
38.0 131.6 5 080 seccecccccccs 
39.0 135.0 4780 
39.4 136.4 4 500 
40.0 138.5 4 280 
41.0 142.0 4 060 
42.0 145.4 3 780 weeecee-cowce 
42.3 146.5 3 600 
43.0 148.9 3 450 
44.0 152.4 3 300 eee 
45.0 155.8 3150 eee 
45.6 158.0 3 000 6 000 
46.0 159.3 2 800 
47.0 162.8 2 600 
48.0 166.2 2400 
49.0 169.7 2 200 
50.0 173.2 2 000 


To find the safe load (L,».) for eccentric loads, 

Let centric safe loads be Zs and eccentric safo 
loads Lis. 

Let centric breaking weights be Wand ec- 
centric breaking weights be W,, then L,#: 


Is= W,: Wand 


| 
4 
4 9 500 
920 
410 000 
7 
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TABLE No. Loaps 1-In. Square 


No. 


11.6 40.2 800 43.9 152.0 4470 
12.0 41.5 790 44.0 152.4 
13.0 45.0 750 45.0 
46.8 700 46.0 4110 
14.0 48.4 162.8 950 
15.6 54.0 550 000 49.0 169.7 650 
16.0 55.4 173.2 500 
16.3 56.5 500 61.0 176.6 
17.1 59.2 $90 53.0 183.5 100 
18.0 62.3 200 000 54.0 187.0 
18.7 64.8 110 000 54.5 188.8 
19.6 67.7 720 56.0 193.8 2770 
20.5 71.0 400 58.0 200.9 550 
21.0 72.7 200 59.0 204.3 
060 59.6 206.3 430 
22.0 850 60.0 207.8 400 
22.5 78.0 61.0 211.3 
85.2 990 000 65.0 224.9 
29.7 102.7 600 72.0 249.4 
30.0 520 73.0 252.9 
31.3 200 000 75.0 259.8 
40.0 210 87.0 301.3 
89.0 308.2 


n ; 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
4 . 
4 . 
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TABLE No. Common Harp Ac- 
CORDANCE WITH EXPERIMENTS THE WATERTOWN ARSENAL. 


Weights. Pounds | Compression. In parts Weights. Pounds 


per square inch. of unity. 
100 0.00122 
150 0.00164 
200 0.00200 
250 0.00233 
300 0.00267 
350 0.00300 
400 0.00327 
450 0.00352 
500 0.00379 
550 0.00410 
600 0.00437 
650 0.00457 
700 0.00479 
750 0.00505 
800 0.00531 
850 0.00566 
900 0.00590 
950 0.00619 
1000 0.00631 
0.00660 


per square inch, 


Compression. parts 


of unity. 


TABLE No. Common Harp Brick LAID 


300 


Breaking 
Length. 
0.0 0.00 
9.5 90.25 
1800 9.8 96.04 
10.1 102.01 
600 10.4 108.16 
10.8 116.64 
11.1 123.21 
1300 11.6 134.56 
1 200 12.0 144.00 
1100 12.3 151.29 
000 13.2 174.24 
900 14.0 196.00 
800 15.0 225.00 
700 16.0 
600 17.0 289.00 
500 18.7 349.69 
400 21.0 441.00 
300 24.4 
200 29.6 876.16 
100 42.0 764.00 


For sandstone safe loads may increased per cent. 
160 
100 


granite 
marble ad 
“ limestone “ 


1100 0.00680 
1150 0.00722 
200 0.00764 
0.00813 
0.00855 
0.00892 
0.00900 
0.00928 
1550 0.00946 
0.00960 
0.01000 
0.01013 
0.01031 
0.01056 
0.01108 
0.01116 
0.01147 
0.01171 
0.01204 
0.01238 
0.00000 300 0.00000 
0.00868 297 0.00056 
0.01847 295 0.00278 
0.03000 290 0.00500 
0.04160 285 0.00700 
0.05600 280 0.01040 
275 0.01405 
0.09000 270 0.01870 
0.11080 260 0.02510 
0.16000 250 0.03150 
0.16666 240 0.04119 
0.16666 225 0.04119 
0.16666 200 0.04119 
0.16666 
0.16666 150 0.04119 
0.16666 125 0.04119 
0.16666 100 0.04119 
0.16666 0.04119 
0.16666 0.04119 
0.16666 0.04119 
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Dry anp THE CENTER.—WHEN 
not Dry, tHe Sare Loap 


| 
Lengthin Breaking 
diameters. 


For Loaps, 800 Las. 


weight. 


Deflection, 


Safe load, | Deflection. 


Safe 


Safe load, 


375 
150 
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DISCUSSION. 


Am. Soc. E.—The author states early Mr. Thomson. 


paper that reasonable assume that the intrados 
the pillar the point greatest deflection strain has been set 
which great the stress rupture specimen tre 
material, the height vertical length which specimen does not ma- 
terially exceed its smallest diameter.” While may reasonable 
assume this, the validity the assumption questionable. The 
speaker did not care deny it, because the logical fact that from 
the denial antecedent nothing follows, but believed that its 
negation was conceivable. 


Am. Soc. E.—Any attempt obtain the Mr. Berg. 


true column formula should welcomed engineers, architects 
and designers, whether working iron, steel, timber other struc- 
tural materials, and the author deserves, therefore, the thanks the 
profession for his efforts contribute the subject. The deduction 
true column formula one the most complex problems 
applied mechanics. The search for attractive and alluring 
study, but will probably prove futile, the sense arriving 
absolutely final, theoretical solution the question the attempt 
solve the perpetual-motion problem. When the fact generally 
recognized that the subject beyond the bounds strictly theoretical 
investigations, then engineers will have advanced great step the 
matter. They will abandon deductive reasoning, and confine them- 
selves inductive methods. All their energies will concentrated 
physical tests the basis empirical formulas, which will become 
practically scientifically accurate the number and value reliable 
test results increase. This method perfect harmony with the 
general trend column-formula investigations during the last cen- 
tury. Starting with the theoretical expressions Euler and Tred- 
gold, there has been constant endeavor extend and improve them 
establishing coefficients accord with additional test results 
fast obtained. 

The author presents apparently theoretical formulas, but which, 
fact, are premised certain assumptions the physical be- 
havior the material, and subsequently supplemented coefficients 
obtained from actual tests. The result is, therefore, nominally 
theoretical solution dependent upon physical assumptions and results 
from practical experience. The value the formulas presented 
can best determined comparing them with test results, es- 
pecially full-size pieces. appears from Figs. and that the 
author’s formulas for cast and wrought iron compare favorably with 
Gordon’s formulas, and the results limited number small-size 
tests made Hodgkinson. This coincidence not conclusive, be- 
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cause Gordon’s formulas were based chiefly Hodgkinson’s 
would very interesting see how the author’s formulas would 
compare with the valuable test results iron columns, especially 
full-size specimens, obtained within recent years. 

The ultimate breaking values for yellow pine columns, given 
the author Table No. 12, not compare favorably with the plotted 
results over 100 full-size tests yellow pine columns and em- 
pirical formulas established from these tests. may that the 
agreement the case iron would better account the 
greater homogeneity the material, but for yellow pine the author’s 
formula fails agree with actual facts, clearly demonstrated 
Fig. 11. This diagram shows that, compared with test results 
and recognized empirical formulas, the author’s values for yellow pine 
are too low for very long columns (which may good feature), and 
entirely too high for very short columns, while they are about correct 
for columns between and diameters. 

length the post terms the diameter and weight 
less than the breaking The values given the second 
column Table No. under the heading breaking weight are, 
however, based apparently the formula quoted. The curve the 
diagram representing these values hyperbolic form. The author 
drops the formula arbitrarily diameters; the curve continued 
below diameters, the unreliability the formula from practical 
point view isshown the fact that the breaking values for very short 
posts would excess the crushing strength short blocks 
yellow pine. other words the author’s general form equation 

Breaking weight constant square length 
not accord with the results tests, and differs radically from all 
other formulas known the speaker, which give when plotted either 
straight line curve conchoidal shape. 

the following formulas, which are plotted the diagram, 
the breaking weight pounds per square inch. 

The formulas William Burr, Am. Soc. E., are based 
tests the Watertown Arsenal full-size sticks the average qual- 
ity practical use. They are: 


The formula proposed James Stanwood, Assoc. Am. Soc. 
E., based the Watertown tests and tests full-size sticks 
made Prof. Lanza. This formula is: 


n 
|- 


RATIO OF LENGTH TO LEAST DIAMETER 


d 
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DIAGRAM FOR ULTIMATE BREAKING 
WEIGHT YELLOW PINE COLUMNS. 
FORMULAS: 

LEOPOLD EIDLITZ. 
BURR. 


J.H. STANWOOD, 


FULL SIZE TESTS: 
G.LANZA 


oA WATERTOWN-STRAIGHT 


OB WATERTOWN-VERY GREEN 
AND WET, 


WATERTOWN-AVERAGE 
STICKS. 


WATERTOWN TESTS. 


@ FORESTRY DIVISION, DEPT, 
OF AGRICULTURE. 


Fie, 11. 


GRAINED, 20 YEARS SEASONED. 


@ WM.H.BURR’S AVERAGES OF 


Mr. 


— 


. 4 
0 
) 
20 
- 
8 0 ULTIMATE BREAKING CRUSHING STR NGTH FN POUNDS PER ) SQUARE INCH q 


Mr. Berg. 
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Prof. Edward Ely’s rule based the Watertown tests gives 
series averages between various limiting ratios length diam- 
eter. These averages are follows; 


Ratio .......... 0-15 15-30 3040 45-50 50-60 

The formulas the late Shaler Smith, Am. Soc. E., 
which are really Gordon’s formula with the coefficients established 
from series over 200 tests full-size sticks made Mr. Smith 
1861-62, are plotted the diagram follows: 

No. For green, half-seasoned sticks, answering the specification 
good merchantable lumber.” 


No. For selected sticks, reasonably straight and air-seasoned 
under cover for two years and over. 
200 


No. For average sticks cut from lumber which had been open- 
air service for four years and over. 


Mr. Smith recommended the third formula for general use, and 
was employed preparing the tables for yellow pine posts 
Trautwine’s Engineers’ Pocketbook.” 

The formula proposed Mr. Johnson based tests 
full-size sticks made the Forestry Division the United States 

700 
where dand the ultimate crushing strength the mate- 
rial. The results the tests which the formula based led Mr. 
Johnson assume 000 Ibs. per square inch the value and the 
diagram contains the curves this formula, using both 000 and 000 
unit base. 

The tests full-size yellow pine posts with flat ends plotted the 
diagram are the following: 

Prof. Lanza’s tests seven mill columns. 

Tests made the Watertown Arsenal two straight-grained posts 
twenty years old, and three very green and wet posts. 

Prof. Burr’s averages these Watertown tests. 

The average results tests about fifty posts made for the 
Forestry Division the Department Agriculture. 


1 
1 
000 
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Henry Am. Soc. E.—The author takes the Mr. Prichard. 


ground that ‘‘safe loads pillars are not proportional the break- 
ing weights, but must referred permissible maximum strain.” 
this view, which holds common with number recent 
authors, the speaker had objection when confined pillars 
short that there danger under any load which can 
regarded reasonable possibility, but precisely because agrees 
with the author that for columns which bending occurs, the ratio 
between extreme fiber strains different intensities not the same 
the ratio between the loads which produce them, protested earnestly 
against making the intensity the strain produced, instead the 
relation load the breaking weight, the test safety for long 
small increase, something less than 25%, will cause failure, yet 
certain limiting intensity strain, constant for all ratios length 
radius gyration, made the sole requirement, such loads will 
allowed many the cases which occur practice. 

The author gives Tables Nos. and derived from curves based 
upon the results Hodgkinson’s experiments,” which are given 
breaking weights from 000 000 Ibs. for cast iron and from 500 
000 lbs. for wrought iron, for pillars in. square, and, under the 
heading due W,” also gives the distortions terms 
the lengths the columns, corresponding such weights, which 
show, might expected, that the distortions are relatively greater 
for large breaking weights than for small ones. From this con- 
cludes that the distortions due stresses the same intensity the 
breaking weights are the same those has tabulated for the break- 
ing weights, and that therefore the distortions are relatively greater 
for large stresses than for small ones. 

This conclusion not logical deduction from the tables cited. 
pillar the moment failure has the stress distributed unequally, 
and the distortion therefore caused varying stress whose mean 
intensity the same that the direct compression, that is, the 
total load divided the area. most cases some portion 
the pillar strained excess the elastic limit, and the distor- 
tion for strain which excess the elastic limit known 
much greater relatively than for strain which not, the natural 
inference that distortion due varying stress whose mean in- 
tensity the quotient the total load divided the area greater 
than that due uniform stress whose intensity the quotient 
the total load divided the area. 

The Pencoyd experiments and those made Watertown show that 
for wrought iron the modulus elasticity nearly constant through 
range from zero the elastic limit. Among the Pencoyd 
experiments were some, made for the express purpose determining 
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Mr. Prichard. 
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the elasticity wrought iron under compression, which the 
specimens were secured laterally that they could not bend. The 
results one these tests were given paper James Christie, 
Am. Soc. E., entitled Experiments the Strength Wrought 

The author does not follow the same method determining the 
breaking weight and the safe load, and the methods does follow are 
not consistent with each other. The force this objection may 
understood considering two metals having exactly the same elasti- 
city, one which would crush strain 000 lbs. per square 
inch, and the other ata strain 000 lbs. per square inch. The load 
which would cause failure the pillar made the weaker metal would 
cause strain 000 lbs. the extreme fiber the stronger metal, 
and would therefore for the stronger metal what the author calls 
the safe load, and the way obtain would substitute for 
and for his formula for breaking loads, assuming its accuracy 
for the sake the argument, and adopting his notation. 

the length square pillar when the maxi- 
mum extreme fiber strain per square inch and the load 
000. 


The breaking weight for this length Table No. between 
000 and 000 which less than the safe load. This result 
points inevitably error, which the speaker believed lie the 
author’s system and not the reasoning which the result deduced 
from it. 

Although this method obtaining the safe load logical deduc- 
tion from the premises given the author, and although equation (1) 
can derived from 66) given page 372, equation (2) 
given page 386, and the same reasoning which develops 
page 382, will develop equation (3), not the method uses and 
the results are not what obtains. 

one step the train reasoning, the author introduces the 


* See Transactions, Vol. xiii, p. 121. 
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and which different materials may have, correct for Mr. Prichard. 
which case becomes: 

variance with the author’s remarks,* follows: and appears 
that the relation Sto can asthe respective weights 
seems clear therefore that safe loads pillars are not proportional 
their breaking weights.” 

This discrepancy results from the use different methods, not 
accord, for determining the breaking weight and the safe load 
defined the author. 

the supposition varying modulus elasticity, the formulas 
which the author develops from what terms the breaking loads 
centrally applied, would have different significance from what 
assumes. interpret them the speaker considered first 
pillar under the following conditions: Constant cross-section, homo- 
geneous material, constant modulus elasticity, and axis coincident 
before deflection with the line thrust. 

Let the bending moment. 

the length. 

=the moment inertia. 

load which will just maintain the pillar equilibrium 
when the deflection the center 

factor which constant for given conditions loading 
and end connections. 


The general equation for deflection 
FEI FEI 


This Euler’s equation, and has shown that for column 
with hinged ends can written 


Let any load less than 


apparent from equations (6) and (7): 


* See page 372. 
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First.—The load will maintain the column equilibrium under 
any 

substituted for the will become 
zero. 

substituted for the deflection will increase 
until the elastic limit reached, which the beginning failure. 

should grow less the strain increased, the ratio assumed 
the author, would not affect the accuracy the deduction that 
any load would produce deflection, but would 
affect the deduction that would maintain the pillar equilibrium 
for any the bending moment would longer simply 
but would increased the shifting the axis caused the 
different values the concave and convex sides the pillar. 

Under these conditions smaller load than that required start 
will maintain the pillar equilibrium given deflection, 
such has already been produced, and for these loads 
under the supposition varying modulus elasticity that the 
author’s formulas deduce, approximately, the and lengths. 

The difference between the actual conditions met with practice 
and the ideal ones assumed the basis formulas (6), (7) and (8) 
has marked the behavior pillars, and this fact should 
considered proportioning them. 


Past-President Am. Soc. E.—The paper 
valuable for its suggestions rather than for its conclusions. The as- 
sumption that failure always occurs because some portion the ma- 
terial pillar strained beyond its ultimate strength not correct. 
Neither the assumption that the extreme local strain reached 
combination direct compressive strains and bending strains always 
correct. The destruction compression members occasioned 
great variety causes, which the distortion material when strained 
beyond the elastic limit usually greater part than the ultimate 
strength the metal. pillar will crippled when some portion 
its material has been strained beyond the elastic limit, although nothing 
broken; but subsequent pressure considerably less than that which 
crippled the pillar may increase the crippling much that actual de- 
struction metal will occur. Pillars also fail through the buckling 
individual parts, and this the usual source failure when very 
thin sections are used. 

The class pillars which the author has applied his analysis are 
simple section that some these disturbances are eliminated; 


° 
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still not correct assume that the pillars bend single curve Mr. Morison. 


from end curve more likely have two points con- 
trary flexure and the result would that the strain which produces 
rupture and which determined the radius curvature, would 
occur with very much less lateral than the author’s 
analysis assumes. 

The formulas which are the basis the analysis are empirical 
formulas based the result actual tests. The author takes these 
accurate measures the strength pillars dimensions corre- 
sponding the assumed conditions, and calculates how much these 
pillars must deflect laterally produce strain extreme fibers equal 
that required break the material, this being tensile com- 
pressive strain according the length pillar. Hethen decides that 
the factor safety should not applied the load placed upon the 
pillar, but the strain extreme fibers and calculates what pressure 
the ends the pillar would correspond the working strain 
which his factor safety permits extreme fibers metal. His de- 
monstration shows correctly that the longer the pillar, the larger the 
relative amount strain due lateral bending, and, 
his factor safety applied upon resultant which this strain 
forms part, follows that the factor corresponding the division 
the breaking strength the whole pillar the safe load the 
whole pillar, which the usual factor safety, will less than the 
factor corresponding the breaking strain extreme fibers divided 
the working strain extreme fibers, which the author’s factor 
safety. The result that the length pillar increases, the general 
factor safety decreases, the fiber factor remaining constant. 

While this may theoretically correct, can hardly considered 
good practice. overlooks the fact that factor safety intended 
cover great many uncertainties and irregularities, and the longer 
pillar becomes, the greater the opportunities for these irregularities. 
When pillar passes certain length likely break tension 
the convex side, and even safe working loads may produce tension 
one side and compression the other. Furthermore, comparatively 
small disturbances may reverse the and the pillar which, 
under one loading, the right, may under another, which 
equally likely occur, deflect the left; the result that, although 
the actual strains may never exceed what the author has selected 
safe working strains extreme fibers, they may approach this amount, 
both positive and negative strains, and the variation between 
extremes may double the maximum either direction. 
generally conceded that the measure variation strains least 
important the measure maximum strains, follows that what 
would perfectly safe working strain for short pillar under com- 
pression would absolutely dangerous pillars subject such 
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reversals. Again, the longer the pillar, the greater the liability dis- 
tortion from accidental blows; blow which would entirely harm- 
less pillar long would exert nine times much effect 
pillar ft. long; and load came before the effect this blow 
was removed, disaster might follow. 

The paper perhaps illustration the dangers applying 
theoretical analysis empirical formulas based tests which the 
analyzer has not himself observed. might instructive make 
tests pillars the precise dimensions which have been considered, 
and observe how far the action the pillars under strain corresponds 
with the changes shape which have been assumed the basis his 
analysis. 

The paper, however, brings out one very important feature, which 
seems danger being neglected architectural construction, 
though engineers have long recognized its absolute importance. 
the fact that pillar not simply compression member, 
but beam well, and that pillar properly designed which its 
duties beam are not considered. The fundamental requirement 
beam that must able resist flexure, and this resistance 
causes bending strains the parts opposite sides the neutral 
axis. order transmit these strains from the point application 
the flanges and from one flange the other, absolutely neces- 
sary that the two sides should connected something the nature 
acontinuous web. the case solid beam this simple enough. 
the case built beam, like plate girder, requires care the 
design the web must continuous, and the rivets connecting the 
web with the flanges must always enough transmit the flanges 
all the strains which those flanges may have carry. open web 
used must some continuous pattern, that every point 
application strain but longitudinal one carried the flanges 
the shearing strain being taken entirely the web members. 
other words, pillar properly designed unless has web which 
forms continuous bracing like the web girder truss. 

cast-iron pillars are used, and the general opinion engineers 
would certainly against using them all except for short sections, the 
best form undoubtedly the round hollow column, provided cast 
but whatever form used, should continuous section. 

The forms wrought-iron pillars which are generally approved 
may divided into box and lattice columns. The box column un- 
doubtedly the strongest, and, except for the difficulty inspection, 
the whether the form used the square column, 
made two plates and two channels, the result column which 
meets all theoretical requirements and gives excellent results. 
ticed columns are all right, provided the lacing properly pro- 
portioned and they are now the favorite column 
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bridge work, partly for convenience connections, which are gener- Mr. Morison. 


ally parallel planes, and partly because accessibility for cleaning 
and the other hand, they are less convenient, and com- 
paratively little used architectural work. 

Another class pillars has been made form which meets 
the necessary requirements. These may made entirely channels, 
entirely beams, combination channels and beams, ard 


late they have been made very largely single web plate and four 


Zirons. pillars have continuous webs and are well adapted 
resist bending; care must taken that the are thick 
enough resist buckling, and the tendency buckle very greatly 
reduced supporting the flanges moderate intervals. 

Varieties pillars have been introduced from time time, but 
generally discarded before very long, which are without continuous 
webs, being composed several longitudinal members connected 
intervals only. For short pillars under moderate strains, and especi- 
ally those places where there tendency any transverse strain, 
this form pillar may admissible, but even then cannot eco- 
nomical, the transverse unit dimension one the sections 
which the pillar composed and not the width 
the pillar itself. show the weakness such 
pillar only necessary analyze the way 
which the writer analyzed his cast-iron pillars 
caleulate what bending strain must exist the 
flanges properly designed pillar similar 
cross-section when the pillar fails and then calculate 
the web required, both dimensions and connec- 
tions, produce these bending strains the flanges. defective pillar 
this class, which, unfortunately, now being quite extensively used, 
may cited; formed eight angles, arranged shown Fig. 12, 
and connected intervals short bent plates. This pillar very con- 
venient for connections, and, the connecting plates were continuous, 
would good pillar. constructed there provision for 
transmission bending strains except the transverse stiffness 
the angles, and the pillar must necessarily fail under comparatively 
small bending strains. everywhere inferior pillar, and used 
where its transverse stiffness relied upon resist wind pressure, 
may classed dangerous. 

Passing another feature, will observed that Table No. 
safe loads cast-iron pillars, based maximum strains 000 
Ibs. the inch, while Table No. safe loads wrought-iron pillars, 
based maximum strains 12000 the inch. Wrought iron 
practically longer used; but columns such length that 
flexure plays any considerable part the working strains certainly 


not right subject iron any greater strains than are permis- 
sible wrought iron. 
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the intrados pillar the point breaking flexure greater 
than the stress causing rupture specimen material when tested 
ascertain its resistunce compression, for the reason that the ulti- 
mate strain the pillar produced mathematical point, which 
equivalent the compression infinitely thin plate, where all 
bending strains are eliminated. not probable that the ultimate 
strain bent pillar less than the tested resistance compression 
the material. 

For the purpose analysis, therefore assume 
that the intrados pillar the point greatest deflection 
strain has been set which great the stress causing rupture 
acube the material question.” The author would add that prob- 
able errors resulting from this assumption tend place the results 
the safe side. 

Beams given length and uniform elasticity when bent 
under transverse loads deflect proportionately the load. 
immaterial, therefore, whether order ascertain the value safe 
loads assumed factor safety applied the breaking weight 
the material, its ultimate extreme fiber strain. This not the 
the bending ofa pillar. Given fractions breaking weight 
result variable maximum fiber strains, hence strength resist- 
ance disproportionate loads. This condition enhanced the 
fact that matter not uniformly elastic. 

accurate working formula which includes the results bending 
under eccentric loads differing its deflection from that caused 
centric loads seems desirable, because values under small eccentrici- 
ties are practice underated, hence frequently entirely neglected 
being covered the factor safety; therefore stated page 371. 


questions examined this mainly what the max- 
imum strain pillars compressed endwise the center resistance 
loads less than the breaking weights, loads not applied the 
center resistance.” 


order ascertain the maximum strains weights less than the 
breaking weight, necessary know the resistance the point 
breaking, and inasmuch the resistance the breaking weight the 
total potential energy the pillar, after compressed vertically 
the breaking weight, the breaking weight must first ascertained 
order know that resistance. 

There are two methods pursued ascertain the breaking weights 
pillars various lengths, neither which, however, contemplates 
the use coefficient, erroneously suggested the discussion. 
The method proposed ascertain breaking weights various pillar 
lengths accordance with Tables Nos. and has been follows: 

For Cast Iron.—Ten diagrams resistance the center the 
lar were plotted the method pursued Fig. They varied from 


—— 
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compression 000 the extrados and 000 Ibs. the intra- Mr. Eidlitz. 


dos nil the extrados and 96000 Ibs. the intrados; thence 
from 10000 Ibs. tension the extrados and 000 lbs. compresssion 
the intrados tension the extrados and 000 Ibs. 
compression the intrados. 

For Wrought diagrams resistance the center the 
pillar were plotted, varying from 400 lbs. compression the extra- 
dos, and 000 compression the intrados, 000 tension 
the extrados and 000 compression the intrados. 

From these diagrams the deflection, breaking weights, radii and 
lengths were computed, and Tables Nos. and formed from curves 
connecting the various figures deflection, breaking weight, radius 
and length. 

Tables Nos. and were formed computing from each breaking 
weight the radius and pillar length the process and for- 
mulas stated the paper. relation this matter, attention 
drawn the following paragraph the paper: 


Under conditions uniform elasticity, this value absolutely 
correct; but inasmuch elasticity variable, would true only 
the horizontal sectional planes drawn transversely the pillar length 
were curved during the process bending,” which course 
not the case. 


When the results Tables Nos. were plotted Figs. 
and was found that the curves Tables No. and agreed 
nearly can expected with Hodgkinson’s experiments (variation 
the material being allowed for). Tables Nos. 3and showed breaking 
weights somewhat larger for the same pillar lengths, and although 
those results are doubtless perfectly correct, Tables Nos. and were 
accepted the basis further analysis and calculation, reason 
their being accord with actual experiments, and for the further reason 
that the breaking weights are the safe side. 

examination Figs. and will show plainly that neither 
these curves agree with the curve made accordance with Gordon’s 
formula. Gordon’s curve becomes materially inaccurate pillar 
lengths less than diameters. This fully accord with 
Prof. Rankine’s statement* that Gordon’s formula gives approximate re- 
sults only for long rods pillars. 

the interest preference for empirical formulas, which the 
language the discussion ‘‘will become practically scientifically 
accurate the number and value reliable test values increase,” and 
the interest further separating imperfections material (in its 
nature and also form and magnitude used structural parts), 
also imperfections methods testing, from the fundamental cause 
bending, which purely resistance compression and tension, 
elasticity fact, Gordon’s and other kindred formulas may cor- 
* See Rankine’s ** Civil Engineering,” p. 237. 
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rected follows: Gordon’s formula gives approximate values for 
breaking weights long pillars (of diameters and upwards). 
not available for pillars less than diameters length. The main 
cause this imperfection found the fact that his coefficient, 
given Rankine, not flexible. Itis here intended show how 
the definitions the the radius and the pillar 
length which form the basis Tables Nos. and the coefficient 
may made flexible; the formula then will cover all pillar lengths 
with sufficient accuracy for practical use. The error will less than 
per cent. 

Gordon’s and other kindred empirical formulas are all based upon 


3 
ing point, the breaking load, and the ultimate resistance 


crushing the material) rendered the form when the 


diameter This value Wis not true, however, the case 
cast-iron pillars lengths greater than diameters. these the 


formulais 


(where the ultimate resistance the ma- 


terial tension). This fact seems have been overlooked. 

The next effort composing working formula has been express 
the value with sufficient accuracy express the for 
long pillars least. 

Now, The radii cast-iron pillars be- 
tween and diameters length vary between and 460 diam- 
eters; consequently pillar diameters long with single flexure, 


and pillar diameters long (the radii 


wrought-iron pillars for pillar lengths vary between 250 and 
327). This shows that accurate must variable. 
may observed, however, that becomes greater less 
some ratio which contains function the pillar length, and may 


constants for each material. Hence, formula— 


may made sufficiently accurate (within certain given lengths pil- 
lars, least) given material. Upon this principle the following 


*ZL or L* may be considered as expressed in diameters or in radii of gyration, then a 
varies accordingly. 
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formulas for breaking loads cast and wrought iron have been 
computed: 
For breaking weights, for cast-iron pillars from diameters 


where 000 Ibs. 
For breaking weights, for cast-iron pillars diameters 

15.7 
where 000 Ibs. 

For breaking weights, for cast-iron pillars diameters 


long 


long 
For wrought-iron pillars from diameters long, 


becomes 


From the text the paper appears clear that outside the 
seven formulas enumerated the summary*, all factors safety 
statements moduli elasticity are not outcome its deductive 
demonstrations, but merely assumptions, currently accepted, for the 
convenience illustration. 

well known that yellow pine not uniformly elastic, and 
needs, therefore, diagram nor extended enumeration breaking 
weights and the formulas which they are computed from the re- 
sults various experiments show that they differ from those result- 
ing from assumed uniform elasticity which does not exist, but 
which has this case been assumed for the sake brevity 
computing safe loads. 

When structural part the maximum strain directly propor- 
tionate the weight, immaterial whether determined factor 
safety applied either; but when, the case pillars, this 
not the case, the factor safety must applied the determination 
the permissible maximum strain. probable, even pos- 
sible, that the computed actual loads may exceeded 25% any 
other quantity whatever, that quantity must added the primarily 
computed load, the mind the engineer doubt still exists 
the safety unusually long pillar (and must remembered 


* See page 397. 
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here that construction now practiced, pillars are invariably short, 
not long, viz., exceeding diameters), influenced habit 
laudable desire limit deflection minute imperceptible 
quantity, may special case increase the factor safety. 

Referring again the quotation page 423, and applying 
the problematical case pillar the elasticity wrought iron and 
ultimate strength 000 the method computing the pil- 
lar length must accordance with condition uniform elasticity 
follows: 


12000 


being 10000 Ibs. Hence, 612.2 and According 
Table No. which accurate, the length the problematical 
pillar which breaks under 000 50.9. 

Pages 384 387 the paper, containing section ‘‘the deflec- 
tion and radius caused when placed the center 
and also Table No. prove conclusively, stated the 
heading Table No. 7a, that greater than W,, which means 

The discussion contains the sentence: one step the train 
reasoning the author introduces the proportional equation 
(evidently the speaker). 

Inasmuch the equation alluded the text the paper con- 
tains the term and not the term W,, this proves the 
erroneous. 


The formula for the resistance breaking when less than 


41 

that when the radius computed from the value and when the 

while for any other value this not the case. 

Hodgkinson, speaking Euler’s theory the strength pillars, 
says: 

appeared from the researches this great analyst, that 
pillar any given dimensions and description material required 
certain weight bend it, even the slightest degree; and with less 
than this weight would not bent all (Acad. Berlin, 1757). 
Lagrange, elaborate essay the same work, arrives the same 
conclusion. The theory, deduced from this conclusion, very 


* See page 397. 
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beautiful, and Poisson’s exposition his ‘Mecanique,’ Mr. Eidlitz. 


Edition, Vol. will repay the labor perusal. 

have many times sought, experimentally, with great care for 
the weight producing incipient flexure, according the theory 
Euler, but have hitherto been unsuccessful. far can see, 
flexure commences with weights far below those with which pillars 
are usually loaded practice. produced weights 
much smaller than are sufficient render capable being 
measured. doubtful whether such fixed point will 
ever obtained, indeed exist. With respect the conclusions 
some writers, that flexure does not take place with less than about 
half the breaking weight; this, conceive, could only mean large and 
palpable and not improbable that the writers were 
some degree deceived from their having generally used specimens 
thicker, compared with their length, than have been usually em- 
ployed the present effort.” 

The author would add that cannot conceive how Euler’s formula 
throws any light upon the maximum strain pillars compressed end- 
wise the center resistance weights less than the breaking 
weight, weights not applied the center resistance. 

The discussion contains considerable amount matter which 
has direct bearing upon the subject maximum strain under 
various loads and differing conditions loading pillars, which 
that account requires reply the author’s part, excepting inas- 
much indirectly affects principles involved. 

Mr. Morison says: The assumption that failure always occurs be- 
cause some portion the material the pillar strained beyond its 
ultimate strength not How can matter fail unless strained 
beyond its strength? 

The same writer says also: ‘‘It not correct assume that pil- 
lars bend single curve from end end.” They always bend 
this way when rounded the ends stated the heading the 
tables. 

says also: formulas which are the basis the analysis 
are empirical formulas based the results actual There 
are formulas, empirical otherwise, the basis the analysis. 
The analysis detines and radius geometrical and mathe- 
matical deduction. another place the same author says: The 
paper perhaps illustration the dangers applying theoretical 
analysis empirical formulas based tests which the analyser has 
not himself observed.” Analysis tends correct empirical coefficients 
the interest accuracy, process which cannot conceived 
involve danger The idea that analysis necessarily involves 
personal observation tests quoted not held the author. 

Another criticism the same writer is: 

Passing another feature, will observed that Table No. 
safe loads cast-iron pillars, based maximum strains 000 
the inch, while Table No. safe loads wrought-iron pillars, 
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based maximum strains 000 the inch. Wrought iron 
practically longer used; but columns such length that flexure 
plays any considerable part the working strains certainly not 
right subject cast iron any greater strains than are permissible 
wrought iron.”’ 


Table No. contemplates permissible maximum tensile strain for 
cast iron 670 only. 

Engineering handbooks published various rolling mills and 
others having the authority competent engineers compute pillars 
planed top and bottom pillars continuous length held position 
girders and beams abutting upon them and fastened them with 
bolts rivets every story subject compound flexure under 
safe load. 

Defiections pillars usually employed building are exceedingly 
small under safe loads; for instance deflections wrought-iron pillars 
from diameters long (under loads varying from 790 
600 are 0.003 0.022 diameter. 

The movement the pillar head from horizontal position one 
sufficiently inclined correspond with the stated deflections 
small that the strains generated are inoperative, because the movement 
abundantly practicable within the limits inaccuracy construc- 
tion such exists practical building. 

bending were continued the breaking point, then, doubt, 
compound flexure would ensue, but the absence loads greater 
than safe loads, pillars bend with single fiexure. 

also well-known fact that eccentric loading under-rated 
the absence working formula which one process gives eccentric 
breaking loads compared with centric breaking weights and the 
strength material. 

These considerations have resulted the analysis the strength 
pillars, and show that safe loads are governed maximum 
strain, and not breaking weights, else many buildings constructed 
under the old system would show more serious defects than have been 
discovered yet, and also that with table safe loads the com- 
mand the engineer architect, eccentric load, matter how 
small, should neglected the plea that the factor safety being 


applied weights instead strains covers multitude defects not 
critically examined. 
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